Abstract. Concerns about retroviruses in livestock and products derived from them have necessitated the development of tests to detect the bovine leukemia virus (BLV) in blood and milk from cattle. Dairy cattle (n ϭ 101) from 5 different geographical areas were used for this study. A nested polymerase chain reaction (PCR) identified 98% of BLV seropositive cattle (n ϭ 80) from blood and 65% from milk, whereas real-time PCR detected 94% of BLV seropositive cattle from blood and 59% from milk. Bovine leukemia virus was also detected by PCR in approximately 10% of seronegative cattle (n ϭ 21), most likely because of early detection before seroconversion.
Detecting bovine retroviruses, particularly the bovine leukemia virus (BLV), is potentially a public health issue because the production of medically important human proteins in bovine milk may be a source of human exposure. The validity of transmission and cross-infectivity between cattle and humans is debatable, and serological surveys have failed to detect BLV antibodies in humans. 7, 12 However, using bovine-produced human proteins for medical purposes will be a different level and type of viral exposure. Therefore, it would be beneficial if BLV-infected cattle were not used for the manufacture of products for human consumption or pharmaceutical use. 12, 33 Bovine leukemia virus is an exogenous oncovirus belonging to the Retroviridae family. Symptoms in cattle include lymphocytosis, lymphadenopathy, neuropathy, and progressive emaciation. However, cattle may be asymptomatic, and an infected animal may remain a virus carrier for life. 13 Serological tests have been used to identify BLVinfected cattle, and antibody detection methods are rapid, inexpensive, and easy to interpret. However, antibodies may not be produced until 14 weeks after infection. Meanwhile, the animal could be viremic and transmitting virus to other animals. 8 Additionally, these tests do not distinguish between passive and active immunity.
Detection of viral antigen by virus isolation is not routinely used because of low viral gene expression and difficulties in propagating the virus. 10, 14 The polymerase chain reaction (PCR) has been previously used for detecting BLV. 1, 9, 11, 14, 15, 19, 24 However, PCR has been used with limited success for the detection of BLV because of its highly mutable RNA genome. In the study described here, a substantial number of naturally infected cattle from several geographical areas were used, which would select for animals infected with different strains of BLV. This would assist in selecting universal PCR primers and probes that are conserved among BLV isolates. 16, 24, 26 Additionally, PCR has not been developed for detecting BLV in milk, which is the source of many transgenic proteins. Furthermore, this is the first report of a high-throughput, automated, and quantitative assay used to detect proviral BLV DNA using real-time PCR a with molecular beacons. 28 Molecular beacons have been successful in detecting viral pathogens, including other retroviruses. 5, 6, 22, 30, 32 The objective of this study was to develop nested PCR (nPCR) and real-time PCR assays to detect BLV in blood and milk using a geographically diverse population of naturally infected cattle of known serological status. Because of variability in the BLV genome, some isolates are not easily detectable using PCR. 24, 26 Therefore, 3 primer pairs from 3 different genomic regions (pol, env, gag) were evaluated by nPCR. Primers from the pol region were further evaluated in a real-time PCR. Because B-lymphocytes, the primary BLV-infected cell type, vary in number during different stages of lactation, this study also evaluated if the stage of lactation could affect BLV detection in milk. 20, 27 Asymptomatic, adult Holstein cattle (n ϭ 101) from BLV serologically positive herds were used. These cattle were from Kentucky (n ϭ 8), Minnesota (n ϭ 8), South Dakota (n ϭ 23), Wisconsin (n ϭ 42), and Oklahoma (n ϭ 20). A commercial, BLV enzymelinked immunosorbant assay b was used to detect antibodies. Peripheral blood mononuclear cells were obtained using a ficoll-diatrizoate gradient, c similar to previously described methods. 3 One-hundred milliliters of milk was obtained from each cow, cells were pelleted by centrifugation, and mononuclear cells were also obtained using a ficoll-diatrizoate gradient. 3 A commercial kit d was used for DNA extraction.
Outer-and nested primers from the env region and nested primers from gag and pol were previously reported (Table 1) . 2, 18, 23 New, outer primers from the gag and pol regions that detected proviral BLV DNA were designed and were shown to be highly conserved in each of the 3 published BLV genomes. 4, 21, 26 An amplified, outer pol product was cloned into a pGEM cloning system f and used as a positive control. Proviral DNA was also extracted from a BLV persistently infected fetal lamb kidney cell line 25 and used as an additional positive control.
For both outer-and nPCR, identical master mixes and thermal cycler times and temperatures were used. A 100-l total volume e containing 10 mM Tris-HCl, pH 8.3; 50 mM KCl, 0.2 mM each diethylnitrophyenyl thiophosphate (dNTP), 0.2 M of each outer-or nested primer, 2.0 mM MgCl 2 , and 2.5 U AmpliTaq DNA polymerase was used. One microliter of proviral DNA was added for the outer PCR, and 2 l of outer product was added to the nPCR. Thermal cycler conditions were 25 cycles of 95 C for 1 minute, 45 C for 1 minute, and 60 C for 2 minutes. Polymerase chain reaction products were visualized on a 2% ethidium bromide-stained agarose gel.
Real-time PCR was performed on DNA from blood and milk using a molecular beacon, which hybridized between the nested primers of the pol region (Table  1) . 29 A 50-l total volume containing 10 mM TrisHCl, pH 8. A total of 80 of 101 cattle were seropositive for BLV. The success of the PCR assay in detecting BLV varied between primer sets, milk and blood specimens, and between nPCR and real-time PCR in milk but not blood (Table 2) .
Pol primers used in nPCR were statistically better (as defined by P Յ 0.05 using the McNemar test for paired categorical data) at identifying seropositive cattle from blood and milk than the env and gag primers (Table 3) . To examine the sensitivity of the 3 different primer sets, 10-fold serial dilutions of a known quantity of BLV proviral DNA were used. Using nPCR, the gag, env, and pol primers detected 10 Ϫ5 , 10 Ϫ7 , and 10 Ϫ11 g of DNA, respectively (data not shown). The differences in sensitivities most likely contributed to the number of infected animals identified by each primer set. Without sequencing the gag, env, and pol regions from the BLV isolates, it cannot be determined whether these BLV sequences are different from each other depending on geographical location. However, this study did determine that using primers from the pol region detected the largest number of BLV isolates across geographical areas and provided the most sensitive PCR assay. Specificity of the primer sets was determined by choosing primers from conserved regions of 3 published sequences of BLV using primer selection software. Specificity was further examined by PCR testing of proviral DNA from bovine immunodeficiency virus (BIV)-infected Table 3 . Detection of BLV in PBMC and milk lymphocytes of BLV seropositive cattle by nPCR using primers from the gag, env, and pol regions of the genome and by real-time PCR using primers and a molecular beacon from the pol genomic region. bovine lung cells from which PCR products were not observed. Additionally, no hybridization was observed by sequence analysis of BIV, bovine syncytial virus, and closely related human T-cell leukemia viruses type I and type II.
This study indicated that nPCR and real-time PCR could be used effectively on blood and milk specimens to detect cattle naturally infected with BLV (Table 2) . However, both PCR assays identified BLV-infected animals more consistently from blood than from milk. There are fewer B-lymphocytes in milk, which is the primary BLV-infected cell type, and cattle in this study were asymptomatic. 17, 27 Therefore, there would be fewer B-lymphocytes containing integrated BLV, making it more difficult to detect BLV in milk. Bovine leukemia virus was detected with equal success at the beginning, middle, and end of the lactation cycle. Because levels of somatic cells and lymphocyte subpopulations vary during lactation, an increase in B-cells should theoretically make BLV easier to detect. 31 It may be that B-lymphocyte levels did not fluctuate enough to affect the detection of BLV. Also, the PCR may be sensitive enough to detect even a low number of BLV-infected B-cells in milk.
There was a significant difference observed (P Յ 0.05, using the McNemar test for paired categorical data) using nested-versus real-time PCR in detecting BLV in milk, but not in blood, from BLV seropositive cattle (Table 3) . A slightly greater sensitivity was also found by serial dilution in nPCR compared with real-time PCR, which makes it advantageous to use nPCR on milk samples. The real-time PCR was able to identify a minimum of 10 Ϫ8 g DNA. Because real-time PCR was performed after nPCR, a freeze-thaw cycle of the extracted DNA may also have decreased the amount of template available. When 8 samples that were negative by real-time PCR and positive by nPCR were rerun, 3 of the 8 samples were found to be positive by real-time PCR using a ''hot start'' PCR with AmpliTaq Gold DNA polymerase. a This enzyme was used with an initial activating step of 95 C for 10 minutes and subsequent thermal cycler conditions used for real-time PCR. A hot start PCR is known to increase sensitivity because of a decrease in nonspecific products.
In 2 of 80 seropositive cattle, neither assay was able to detect BLV DNA using pol primers, but this may be the result of a lack of circulating virus because the virus can be sequestered in tissues. 15 Alternatively, the BLV DNA may have contained a polymorphism that was not recognized by the primers or probe.
PCR may be useful in detecting infection in seronegative animals. Two of 21 BLV seronegative animals were BLV positive by PCR using all 3 primer sets on blood and pol primers on milk (data not shown). Studies have determined that under experimental conditions using PCR, BLV infection can be detected 2-4 weeks earlier than when using serology. 14 Because these cattle were from BLV seropositive herds and would have been exposed to BLV from herdmates, they most likely had not yet developed an antibody response but had circulating virus in blood and milk. Samples from an additional 4 of 21 seronegative cattle did react with nPCR using gag and env primers but not with pol (data not shown). This may be due to nonspecific reactions or polymorphisms in the BLV genome. Even though precautions were taken to eliminate false positive reactions due to the highly sensitive nPCR procedure, some advantages are observed with the real-time PCR that can be attributed to a single, closed-tube assay.
Although real-time and nPCR are not designed to replace traditional antibody assays, they can provide a useful supplement for the early detection of BLV and for confirming BLV infection from blood and milk specimens. This study demonstrated that using PCR with primers from the pol genomic region gave the greatest sensitivity and detected the largest number of BLV-infected cattle from geographically diverse regions. With the economic costs associated with a BLV infection and the public health concern about retroviruses in animal and pharmaceutical products, the detection of BLV in blood and milk samples remains an important concern.
